Cultured pigment epithelial cells of the fetal human retina secrete a protein, pigment epithelium-derived factor (PEDF), that induces a neuronal phenotype in cultured human retinoblastoma cells. Morphological changes include the induction of an extensive neurite meshwork and the establishment of corona-like cellular aggregates surrounding a central lumen. The differentiated cells also show increases in the expression of neuron-specific enolase and the 200-kDa neurofilament subunit. Amino acid and DNA sequence data demonstrate that PEDF belongs to the serine protease inhibitor (serpin) family. The PEDF gene contains a typical signalpeptide sequence, initiator methionine codon, and polyadenylylation signal and matches the size of other members of the serpin superfamily (e.g., a1-antitrypsin). It lacks homology, however, at the putative serpin reactive center. Thus, PEDF could exert a paracrine effect in the embryonic retina, influencing neuronal differentiation by a mechanism that does not involve classic inhibition of serine protease activity.
The retinal pigment epithelium (RPE) develops in advance of and lies adjacent to the neural retina. A closed compartment between the two cell layers contains the interphotoreceptor matrix and many soluble secretory products of RPE and neural retinal cells. In the human, the interphotoreceptor matrix is present by 20 weeks of gestation and contains at least one specific marker, the interphotoreceptor retinoidbinding protein (1) . Nutrients, metabolites, or trophic factors exchanged between the RPE and neural retina must pass through the interphotoreceptor matrix. RPE cells, for example, are thought to synthesize and secrete a photoreceptor survival-promoting factor, PSPA (2) . Cultured RPE cells also synthesize a number of other, well-known trophic factors including PDGF (3) , FGF (4) , TGF-a (5) , and TGF-13 (6) . It is thus possible that these or other, unknown factors derived from the RPE could influence neural retina development.
We have used human Y79 retinoblastoma cells as a test system to study the effects of possible differentiating factors in conditioned medium from cultured human fetal RPE cells. Y79 cells are of neural retina origin and thought to be the tumorous counterpart of early, undifferentiated retinoblasts (7) . Conditioned medium from human fetal RPE cells induces a high level (>90%) of neuronal differentiation in Y79 cellse.g., an elaborate meshwork of neurite-like processes (8) .
Treated cells also exhibit enhanced levels of neuron-specific enolase (NSE) and neurofilament 200-kDa subunit protein (NF-200), molecular indices of neuronal maturation (8) . Recently, we have identified a 50-kDa protein, pigment epithelium-derived factor (PEDF), as the neurotrophic agent (9) in RPE conditioned medium. We now report that this extracellular neurotrophic protein is a member of the serpin gene family of serine protease inhibitors. §
MATERIALS AND METHODS
Amino Acid Sequencing. PEDF, purified from conditioned medium of cultured human fetal RPE cells by HPLC (9) , was reduced and alkylated as follows. The sample was dried and dissolved in 50 /l of 8 Cell Culture. The Y79 retinoblastoma cell line (American Type Culture Collection) was maintained in suspension culture (7). Cells were harvested by centrifugation for 5 min at 600 x g, washed in prewarmed serum-free medium, centrifuged again, and suspended at 106 cells per ml in serum-free medium with or without HPLC-purified PEDF (50-500 ng/ ml) (9) for a 7-day incubation period prior to attachment to poly(D-lysine)-coated flasks (8) Fig. 3 ).
The peptide sequence thought to be the active site involved in the antiprotease activity of ai-antitrypsin is underlined in Fig. 3 . Interestingly, there is little similarity in this region between PEDF and other members of the serpin family as represented by a,-antitrypsin, though the absolutely conserved glycine residue at P15 is present.
DISCUSSION
The present study, along with previous work (8, 9) , identifies a protein, PEDF, secreted by human fetal RPE cell cultures and shows that it is a potent neurite-promoting factor for human Y79 retinoblastoma cells. This induction of neuronal differentiation and maturation in the neoplastic counterpart of the human neural retina indicates the possibility of an important parallel role for PEDF in normal embryological development of the retina. Y79 cells induced to differentiate with PEDF not only assume the architectural phenotype ofneurons but also demonstrate increases in biochemical markers (NSE and NF-200) indicative of relative neuronal maturity. In addition, the formation of striking corona-like aggregates by PEDF-treated cells mimics the orderly arrangement of neurons in the developing nervous system (including retina) as the cells begin to functionally organize. These structures also are reminiscent of the "rosettes" found in human retinoblastoma tissue that are thought to be attempts at photoreceptor neuron formation (16 cDNA sequence analysis indicates a molecular mass of about 46.3 kDa for the PEDF protein moiety. This is somewhat lower than the apparent size of 50 kDa observed on SDS/PAGE (9) . The difference may be due to posttranslational modification, since a glycosylation consensus sequence is present in the predicted protein (Fig. 2) . As would be expected in a secreted protein, the translated product exhibits an amino-terminal hydrophobic stretch of amino acids that agrees well with known signal-peptide sequences (17) . The putative initiator methionine appears to be correctly designated when the sequence of PEDF is compared with those of other serpin superfamily members (see below). A typical polyadenylylation signal is also present. (Fig. 3) . Similarly, it shares approximately 26% and 27% identity with human a2-plasmin inhibitor and human a1-antichymotrypsin, with 43% and 44% conserved homology, respectively. It should be noted that this is within the range of homology between other members of the serpin superfamily [e.g., 23-26% identity between a2-plasmin inhibitor and other serpins (14) ]. Serpins seem to have evolved from a common ancestral gene at least 500 million years ago and share a similar tertiary structure with a reactive center located on an exposed ("strained") loop near the carboxyl terminus (15) . More than 40 members of the serpin family have now been identified, most retaining the inhibitory function of the ancestral protein (19) . While PEDF is generally similar to previously reported serpin family proteins, it is interesting that it lacks significant homology to a proposed consensus sequence for the serpin reactive-center region (20) and is thus unlikely to demonstrate antiprotease activity. In this context, it should be noted that some members of the serpin family have developed specialized roles such as carriers of lipophilic molecules (thyroxine-and cortisol-binding globulins) or peptide hormone precursors (angiotensinogen).
Most pertinent to the present study is the neurotrophic activity exhibited by some of the serpins and their role(s) in development (21, 22 indicating specificity of the effect (21) . Glia-derived nexin (GDN), a serpin from cultured glioma and glial cells, promotes neurite extension and also potentiates the neuritepromoting activity of nerve growth factor (NGF) (22) . It has been proposed that a balance between protease and proteaseinhibitor activities regulates neurite outgrowth (22, 23) . In the developing retina, an extracellular "gelatinase-collagenase" activity, as well as other possible protease activities, has recently been shown to be associated with growing processes from cultured neurons (23) . Unfortunately, little is known about the actual mechanism of action of the proteases and their inhibitors (e.g., serpins) in inducing cellular differentiation and the overall physiological importance of these factors in central nervous system development. Our system, however, may provide a convenient in vitro model for addressing these problems.
Since a subretinal space is present by 5 months in the human fetal eye (1), the embryonic RPE could secrete PEDF into the interphotoreceptor matrix, where it would modulate retinal neurite outgrowth and maturation when retinoblast migration had ceased. PEDF also could act to directly inhibit cell proliferation and/or retinoblast movement and thus signal for final differentiation. It will be interesting to determine whether this effect is through a classic serpin activity or an as yet unknown mechanism. In any event, the present work demonstrates the potential for a novel paracrine effect within the central nervous system, where a fetal neuroepithelial cell secretes a specific protein into an extracellular matrix compartment that could direct the development of adjacent neurons.
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